29 Decenber 2004 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER T &@él'm 2004
COOPERATI ON TREATY (PCT) (19) World Intellectual Property O ganization

I nternational Bureau (43) International Publication Date 10 January 2002
(10.01.2002) PCT (51) International Patent Cassification7: A6IB 5/ 00 (21)
I nternational Application Nunmber: PCT/US01/20390 (22) International Filing
Dat e: 27 June 2001 (27.06.2001) (25) Filing Language: English (26)

Publ i cati on Language: English (30) Priority Data: 09/605, 706 29 June 2000
(29.06.2000) US (71) rAppvirengkndohorroakdsrie Sivgnat asb Skaices except US): SEN-
SORS FOR MEDI CI NE AND SCIENCE, INC. [US/US]; 12321 M ddl ebrook Road,
Germantown, MD 20874 (US). (72) Inventor; and (75) Inventor/Applicant (for
US only): LESHO, Jeffrey, C us/ US] ; 04 Herltage Hlls Drive,
Brookeville, MD 20833 (US). [ Conti nued on next

page] 654Fielidflie: In*lrdHEthAl\l'I'ED SENSOR PROCESSI NG SYSTEM AND METHOD 10l1la 1 101b
101 101 101 1()1:]111 1024, 10%

s imvention re ates to a circuit and method for processing the output of an implanted
sensing device for detecting the presence or concentration of an analyte in a liquid or gaseous
medium, such as, for example, the human body. More particularly, the invention relates to a
circuit and method for processing the output of an implanted fluorescence sensor which indicates

10  analyte concentration as a function of the fluorescent intensity of a fluorescent indicator. The
implanted fluorescence sensor is a passive device, and contains no power source. The processing
circuit powers the sensor through inductively coupled RF energy emitied by the processing
circuit. The processing circuit receives information from the implanted sensor as variati{ .is in
the load on the processing circuit.

15
Background Art

U.S. Patent 5,517,313, the disclosure of which is incorporated herein by reference,
describes a fluorescence sensing device comprising a layered array of a fluorescent indicator
molecule-containing matrix (heteafter "fluorescent matrix"), a high-pass filter and a

20 photodetector. In this device, a light source, preferably a light-emitting diode ("LLED"), is located
at least partially within the indicator material, such that incident light from the light source
causes the indicator molecules to fluoresce. The high-pass filter allows emitted light to reach the
photodetector, while filtering out scattered incident light from the light source. An analyte is
allowed to permeate the fluorescent matrix, changing the fluorescent properties of the indicator

25 material in proportion to the amount of analyte present. The fluorescent emission is then
detected and measured by the photodetector, thus providing a measure of the amount or
concentration of analyte present within the environment of interest.

One advantageous application of a sensor device of the type disclosed in the '313 patent is
to implant the device in the body, either subcutaneously or intravenously or otherwise, to allow

30 instantaneous measurements of analytes to be taken at any desired time. For example, it is
desirable to measure the concentration of oxygen in the blood of patients under anesthesia, or of

glucose in the blood of diabetic patients.
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Summary of the Invention

In accordance with the first aspect of the invention, there is provided, an apparatus
for retrieving information from a sensor device, comprising an internal sensor unit for taking
quantitative analyte measurements, including a first coil forming part of a power supply for said
sensor unit, a load coupled to said first coil, and a sensor circuit for modifying said load in
accordance with sensor measurement information obtained by said sensor circuit; an external
unit including a second coil which is mutually inductively coupled to said first coil upon said
second coil coming into a predetermined proximity distance from said first coil, an oscillator
for driving said second coil to induce a charging current in said first coil, and a detector for
detecting variations in a load on said second coil induced by changes to said load in said internal
sensor unit and for providing information signals corresponding to said load changes; and a

processor for receiving and processing said information signals.

In accordance with the second aspect of the invention, there is provided a sensor device
for detecting the presence or concentration of an analyte in a medium, comprising:
an enclosed sensor body having an outer surface surrounding said sensor body;

a radiation source in said sensor body which emits radiation within said sensor body;

an indicator element having an optical characteristic that is affected by the presence or
concentration of an analyte, said indicator element being positioned on said sensor-body to
recelve radiation that travels from said radiation source, and which transmits radiation into said
sensor body;

a photosensitive element located in said sensor body and positioned fo receive
radiation |
within the sensor body from said indicator element; and

* an inductive element located in said sensor and coupled to said photosensitive element,

said inductive element being adapted to receive from an external inductive element a magnetically
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COMPUTER | NTERFACE COMPUTER (57) Abstract: A quantitative neasure t
systemincludes an external unit (10la) and an internal unit (102&¥ﬁ§FﬁmhﬂzmM
provi ded for obtaining quantitative anal yte nmeasurenents, such as within

the body. In one exanple of an application of the system the internal

unit (102a) would be inplanted either subcutaneously or otherwi se within

the body of a subject The internal unit (102a) contains optoelectronics

Ci rcui ggponent of which may be conprlsed of a fluarescence
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mol ecul eapeeresioniferrepsivingandiproeessing saidfinfoomeSoesignatat ri x"), a hi gh- pass
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Brief Description of the Drgwingg

The invention will be more fully understood with reference to the following detailed
description of a preferred embodiment in conjunction with the accompanying drawings, which are
given by way of illustration only and thus are not limitative of the present invention, and wherein:

FIG. 1 is a block diagram of one preferred embodiment according to the
present invention;

FIG. 2 is a schematic diagram of an internal sensor device unit according to one preferred
embodiment of 1he invention;

FIGS. 3 and 4 are waveform diagrams illustrating signal waveforms at various points in

the sensor device circuit;

FIGS. 5A-5e are diagrams of signals produced by me external data receiving unit;
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20 photodetector. In this device, a light source, preferably a
light-enmitting diode ("LED'), is located at |east partially withis Jefgmber 2004
i ndicator material, such that incident light fromthe |ight source causes
the indicator nolecules to fluoresce. The high-pass filter allows emtted
light to reach the: photodetector, while filtering out scattered incident
light fromthe |ight source. An analyte is allowed to perneate the

fl uorescent ndtldi &is aspbgmptiagsestinn igw of andeplantable Siyetesdenee-lmsedt sqrsor ndi cat or 25
mat eri al | ¥ I: 0.t he anount of anal yte present. The fl uorescent
em ssi on %ésam{a%%ﬁ&ﬁ%gg}%ﬁ%d and neasured by the photodetector, thus
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cCircuit; an external unit including a second coil which is nutuall
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sur roundi sai.d sensor hody,
d@%ctet? signal to process?mg gircuitry, such as a pulse counter 101¢ and computer interface 1014,

25 for processing the signal into computer-readable format for inputting to a computer 101e.

A variable RF oscillator 101a provides an RF signal to coil 101, which in turn provides
electromagnetic energy to coil 102d, when the coils 101f and 102d are within close enough
proximity to each other to allow sufficient inductive coupling between the coils. The energy
from the RF signal provides operating power for the internal unit 102 to obtain quantitative

30 measurements, which are used to vary the load 102¢ and in turn provide a load variation to the
coil 101f that is detected by the external unit and decoded into information. The load variations
are coupled from the internal unit to the external unit through the mutual coupling between the
coils 101f and 102d. The loading can be improved by tuning both the internal coil and the
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a radiation source in said sensor body which emts radiation within said
sensor body; an indicator el ement having an optical characteristi otifgembes 2004
affected by the presence or concentration of an anal yte, said indicator
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second caonddubiongTind elewingietirtion desorifzed dteamttigeaderporoke estmalicsil:ance from sai d
first . goil, an oscillator for driving said second coil to induce a
charging current in said first coil, and a detector for detecting

vari at i oné=ilfZ. -‘a((todh/Zsh sai d second coil induced by changes to said fad in
said internal v3€ %%r unit. and for .Provi ding information signals

cor r espondiy 1o ¥key 2P HIRIR Lot and a processor for receiving and
processi ng sai € cuRém it icgBrmsl @nal s. Brief Description of the Draw ngs The
invention wll be re fully understood with reference to the foll ow ng

det ai | ed des@ﬁ‘ﬁ%ﬂgg%‘c%f’ft&eﬁlﬂ@f‘@rc@éd enbodi ment in conjunction with the
acconpg@nyi ng ey-apeq@sey (Wieh are given by way of illustration only and
thus are not limtative of the present invention, and wherein: FIG 1 is a
bl ock di agr antbT muisl pdustagee beiviserbibelpailsnt according to the present

i nvention;

Zs = impedance of the sensor equivalent circuit

As shown by equation (1), there is a direct relationship between the voltage across the external
25  coil and the impedance presented by the internal sensor circuit. While the impedance Zs is a
complex number having both a real and imaginary part, which corresponds respectively to
changes in amplitude and frequency of the oscillation signal, the system according to the present
embodiment deals only with the real part of the interaction. It will be recognized by those skilled
in the art that both types of interaction may be detected by appropriately modifying the external
30 circuit, to improve the signal-to-noise ratio.
FIG. 2 shows a schematic diagram of one embodiment of an internal sensor device unit
according to the mvention. The coil 102d (L1) in conjunction with capacitor C1, diode D1
(rectifier 102a) zener diode D2 and capacitor C2 constitute a power supply for the internal unit
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FIG 2 is a schematic diagramof an internal sensor device unit acgcqrdi
to one preferred enbodi mgnt of the invention; FIGS. 3 and 4 are V%Q%F?}?%Q‘FTZOM
diagrams illustrating signal waveforns at various points in the sensor
device circuit; FIGS. 5A-5e are diagrans of signals produced by nme external
data receiving unit; 2a 29 Decenber 2004 FIG 6 is a schematic, section
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resistor network R2 R3 and R4. The comparator forms a variable resistance oscillator, with

switching points determined by the values of R2, R3 and R4. C3 is a charge-up capacitor, which

determines the base frequency of the oscillator for a given light level. This frequency is given by

25
f=1/(1.38*Rphoto*C3) )
Rphoto = szc[l 0"“"3("‘(”"] (3)
where Ry, (=24 kQ) is the resistance of 203 at 2 footcandles

30 v (= 0.8) is the sensitivity of the photoresistor

a = the incident light level in footcandles



coil 101f that is detected by the external unit and decoded into

information. The load variations are coupled fromthe internal urfeEgnieR004
external unit through the nmutual coupling between the coils 101f and 102d.
The | oading can be inproved by tuning both the internal coil and the 3 29
Decenber 2004 external coil to approximately the same frequency, and
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a prog ort| chan in the yoltage across coil 101f, which is observable
as an nﬁP?@ﬁ@hghﬁﬁﬁéh ?Qﬁ¥°nfﬁb foll owi ng equati on describes the voltage
seen on the exj4gs Badad @@talcltorﬂ-@hlw gaubdsé vblthdeiody CZ &l de%@d’e@vh\én the cﬁﬂpﬁﬁﬁ@
across the external coil grrent in_the external coil edance of

the pri meVgichsgisiateso4arpst Pf‘e%@ﬁ fromr 0o Ste)whien comppraien Z%ﬁw%eam: t ween
the coil gy %ﬁt Evargpa@éiam%ueémm@ugﬁmg Cupfpikl U;?d:ﬁf reausﬁigrtﬁmnag&acr&é cghewn by

equati on ( there is a direct rel ati onship between the voltage across the
ext er nal deggasgoiThisam iy erasqsepEerd fredow t@@&hﬁ@zﬁﬁblyl Rate begmeqhmings:emﬁor

ci rcuik. hﬁagg&g%e gp[srﬂa@s& @éddansﬂa@tasmé eﬁl@w ISR L3 Bgt *fhfgl aﬁ%' and

i magi nary part corresponds respectivVv anges i n dde and
f r equenc yeftsfeiet ngfo decimpbdenicoof the gatrahal cmhlao}fysglemlmﬂfquatdmr(@ tot he pr esent

oo sou by ThE sdiBtrlopttali JoP % sh R puBEY il 118 5 Rtk gl | 0
be det ectveﬂaga)onﬂ:ﬁp ﬁ:mmelait shbys 1 dirhe/inilg: dnlte @Xdredl Bail 1013 Qing iteQuiput of the | MPr ove

Lhe < onalyennalce KaLo o EhS 2 Shore, 8 seheietic, dh sgram of, Sns,

20 converts the AM demodulator output to a square wave capable of being processed by a digital

counter. FIG. 4 shows two complete operation cycles, with the same channel designations
indicating the same points in the circuit.
The external unit 101 uses a microprocessor to implement the pulse counter 101c. When
sufficient data has been received to obtain a valid reading, the processor shuts down the RF
25 ogcillator. FIGS. 5A-5E illustrate timing diagrams for a measurement reading. FIG. 5A shows
the envelope of the RF voltage signal applied to the external coil; FIG. 5B shows the waveform
of the internal power supply voltage; FIG. 5C shows a waveform of the intensity of LED 202;
FIG. 5D shows the output of the AM demodulator 101b; and FIG. 5E shows the timing of the
state of circuit operations in accordance with the power supplied to the sensor unit. The internal
30 unmit power supply ramps up as the field strength increases. When the power supply output
crosses the threshold voltage of the LED plus the feedback voltage, the LED turns on. The AM
demodulator output contains the measurement data and digital data in the form of ID codes and

other parameters specific to the subject in which the internal unit is implanted. This data is
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according to the invention. The coil 102d (L1) in conjunction V\'ithzly

capacitor O, diode DL (rectifier 102a) zener diode D2 and capaci®drecgsber 2004
constitute a power supply for the internal unit 4 29 Decenber 2004 102.
Current induced in coil Li by the RF voltage applied to external coil

101f by OSCI |1 ator 101a see FIG 1) is resonated in the L-C tank formed by

L1 and capac ctifl lode,, D1, and filtered by capacitor C2.
Zener di o‘gjé ‘i?? ? BS@BSﬁFéQﬁg‘Wﬁ%@SWBFF‘g@?%%&e oRpRsler e tpyte
circuit fymmi mqaﬁhﬂgatﬁanthw@ge cRUER (At sBowi)! The diffal lcedfd QWMBY
those 5 skllled in the art, 1 f the voltage across capacitor C2 starts to
exceed t HaF FeliAgr deppameapnpriaiy elpekosignalit t he zener di ode D2, diode D2 will
R e S e e L L R
for the cdongaits.. Tm®hﬁ@yenmegmﬁan@1ﬂ@@ﬁwnb@ﬂhuﬂémghemmnﬂmagﬂm&mmﬂmaﬂpa0|tor
of oper at 1 s s 4K SR hacrde n Rt ot B VB Einopfled "
anpl i fi erlo2Bdg ats m@ﬂ@ﬂmﬂm&thﬂ&mﬂea@fe&n@meﬁﬁaﬂﬁ@ THiogtEnt(id ER)cted (2 1 RRRAME! ed in
series Ww eedback. resi st or The i nver nput term nal _of

oper at i orfﬁ‘i‘t%g%{e Wgeqprﬁ%?ﬁn?‘tgt %"&WP%WOWP?‘W"E Wetll?/g‘ft?'ﬁ&étaéfé‘?a&* STHRID t o

ther eby rrﬁ@iblelais@sédrte ideutifyed Hartichla®si®fect 4 t@ Prdvdr® dMh 8drhiBlion (h& /ol R ehosdral |
bias current). ght emtted fromLED 202 1s incident on the sensor device

(not 1% sSH@\ﬁﬁy a’&ﬁ’aﬂ’ééﬂé@g’ of e extepnabynity clhe calitrefiogfgtor pigiepplied tatheunct i on of
the amu%ea@&re&@zﬁuﬁ%ﬁﬁdﬂéﬂk@éb@ﬁﬁﬁméchQQhﬂQmiEQf'\hﬁthed The light fromthe

sensor device inpinges on the photosensitive resistor 203, whose

resi stance chdnwaspras a@porchm&touomasmﬁcttoﬁﬂlemmn which opgdrates Imsicdteribe t her eon.
Phot or esi e

junction ﬁ#%%e?,@é‘ foftﬁlg?eggéﬁg%g{r%gm}% %ﬁgéségs S}zgé maFI ?‘gﬂecsgﬁsﬁggq e&o?lg‘gsteﬁe

i nver ti ngfangusor H:oel]sr AR reainatok layem#aaoalad love?(ﬂih exﬁmer m'faenfof tE?e(bemmd bady 12

phot or gsi s 203 is ey nec u he co tor 204
Phrouh aneclucftet BaRBRaRiSHe f el Btineheh s T gradion ety L§
connect e@_g an BEDQﬁadt dsipaadiitin, Buding radiatioe Sver b Maveleigh0bdad? of RavadguR4. The
conmparat or, .forns vari abl e reS|st nge oscillator, with smntchlng poi nts

det er m né’ﬂnﬁynteﬁét H’@éﬂ jfatqganolqgrles,ig. faithe ease pEa Huoressenserbassd saisere t or |
which  dejREBhdiR sy fahg &weléﬁmﬁ@wcaa&e hORIRESE MbREQEs 1626 fiRordicéedla 9 ht

| evel . This frequency is given 25 f= 1! (1. 38*Rphot 0*C3) ( 2) Rphoto =

R2f cM 10Phpigsrnsitys elahe R0yi ﬁ@hﬁgﬂ%e%w whicl @ the gaseipta fluespssenpadesedf 203 at 2
foot cand |s§'1§5013@= éénsﬁﬁVeQO %Lofe&eﬁthrghﬁéﬁs&ea t?yﬂlte YndRt n%ﬁ Hﬁg@tﬁ@é Ay &i5h Hh0S sighu 5 the

incident Tight Tevel in footcand
generated in response thereto that is mdlcatwe of the 1eve1 of fluorescence of the indicator

molecules. The sensor 10 further includes a module or housing 66 containing electronic
circuitry, and a temperature sensor 64 for providing a temperature reading. In the simplest
embodiments, indicator molecules 16 could simply be coated on the surface of the sensor body.

25 In preferred embodiments, however, the indicator molecules are contained within the matrix
layer 14, which comprises a biocompatible polymer matrix that is prepared according to methods
known in the art and coated on the surface of the sensor body. Suitable biocompatible matrix
materials, which must be permeable to the analyte, include methactylates and hydrogels which
advantageously can be made selectively permeable to the analyte.

30 The sensor body 12 advantageously is formed from a suitable,‘optically transmissive
polymer material which has a refractive index sufficiently different from that of the medium in
which the sensor will be used such that the polymer will act as an optical wave guide. Preferred
matetials are acrylic polymers such as polymethylmethacrylate, polyhydroxypropylmethacrylate
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Equation (3) can be inverted to determne the intensity of light f

gi ven photoresistance; in conjunction with equation (2), the lig "December 2004

- intensity can be determned fromfrequency. O course, the values given

above are provided as exanples only for purposes of explanation. Such
val ues are determ ned on the basis of the particul ar photoresi stor
georretry and materials used. 5 The conparator 204 switches to a high output

when Wt i nadshejile, anﬁdmmanbonatesandl agtthasp soldumyt the trddquerch Lowan@3 The glates:at 0
charge w i v reaches . 2V/

compar at ot oub eI AL SPACLBabh Bies 1890, HUTE: HS85RR S¥letln o
and Vtri pemitodinvénts o whioll/tBe radiatmdnomcpcm athEm andl, I1h ﬂﬂlcmhaa@aokmmsé@hot 0.

Therefore 0% C wi.th the frequen ein

det er ni ned® H@ﬁ‘%&eﬁ%&‘ffg %ﬁ %Y g molecples, o F"i‘)"r‘?‘f ‘mg%t' %ﬁ‘é‘ia &t
light, sgiscaftelaymnqatcbﬁéspé&l)stomnlmzmdmaﬂmmamtor, whi ch causes a

vol tage across, C2 to_decrease _when the corrparator sw tches states. C4 nust

be charged frdi BoWpa Kigee (nadiebgnisge sl isxmitted fytheradiation Fé.’“WPéﬁ andyait put
| evel st aby sobCofhit FRMkoA R OMIRd %eﬂléllysalﬂ BRlsh8tte QYthggens % —d% eah\épl tage

across C2 to decrease. This in turn causes current to

recti fi erlogatipn 22.gheselyi ‘owisineq bary-avdiferdt @muglltﬁfﬂlﬁmtmn@ihngemwéaody 12

i nst ant aneous y {“{@E [ I 02d. This
load is refle{c]?tgge%nrftoo t &tq{%ﬁt %ﬁégg 014@8 e lgag %frtﬁ% B%glbf’&)p%ld ®as gi ven
by eqi@t mutro@kl)ng lﬁbcbummpablmfenta]taptmg W1drmd91czstom:gd»lecums lcsted en the butgke at ed i n

FIG 3. n DC volt 3.sho t he sane pul se
on the e%}@?ﬁ coatgfl ﬁ“icglfhereé’ﬁar? e&t"Bﬁ‘t‘u linatf aﬂ—%ﬁﬁ&%‘fﬁﬁﬁ?ﬂ‘%’?ﬁ s shown
at Channéluoﬂasceﬁhﬁidi‘wdor thokbilyscohidé oo the Rukifacef Irfadaiiondizht Whickkiikd tB) converts
the AM derm&ul at or o put to a s are wave caBabI e of_ bei ng pr ocessed by a

digital REUMHESH a“%"'fs @fu’?ﬂ(ﬂ%m’? a digepfpap theripefece) toogwall §g bey t he same

channel qeﬁéc%%fa’ss@ﬂﬁuodgﬁ' tHeGREIERY ahDAsSKIResHRIoRES®endd In 1EreSdehiGHAbator! NE
exter nal unlt 01 uses a microprocessor to inplenment the pul se counter

101c. 1heanolecipss Péh%ﬁpdﬁaifaﬂtﬁa@oséw’%@@il%&onqﬂleamdmhﬁnmm interfecsdi ng,
the processghe ﬁ&leﬁt& AU hgve%ﬁo%‘éemﬁﬁdtb% ageﬁﬂ'a Sl%ﬁmﬁg/én@é dﬁhénlh%ﬁé

timng di agrams for a measurenent reading. e envel ope of

t he RF vand apmicslionfar thepaabdre §uehpothdranades leclnéﬁ evelmswnt FciktidBRng kovse t he

wavef orm., r supply voltage; FIG 5C shows a waveform of
t he mteﬁsﬁg{nf}tro nﬁ%ﬁ%fé‘%&m \Q% 5D shows the output of the AM denodul at or
10 I b; and FI @s defosdtrated by FHG. (8] aiilengt ohetolithe lightaetiaf byche fuoirtscapdndidate@dns i n-

accorgance wer su e se uni t internal 30 unit
Power 2L, SSHled 4 85 Gt Bl dB b RS bbb oy 04 G S

suppl y outnask (with ﬁﬁﬁ@ﬁtottﬂitﬁseh%ﬁ' Bedyol 20l otk magix 18fer 14)@s llRrftAIS rédiéh Jopedback
vol t age, he AM _denodul at or out put c ains the

measur enéﬁfhheﬁLEg? %ﬁ@gﬁﬁﬁlﬁ then gpfiecied wtwgy fhgeyghey %%agg& Seugh W

par amet efig E@eEdd dnﬁﬁédb}ltﬁ@raﬁiéﬁbxﬁﬁimderl 3\ k) 1ikd e tAAlB6R BhitkAbY tHeTadifiRnant ed.
This data is 6 29 Decenber 2004
source, some will strike the interface between the sensor body and the surrounding medium at

25 angles too small to be reflected and will pass back out of the sensor body.

As further illusirated in FIG. 6, the sensor 10 may also include reflective coatings 32
formed on the ends of the sensor body 12, between the exterior surface of the sensor body and
the matrix layer 14, to maximize or enhance the internal reflection of the radiation and/or light

. emitted by fluorescent indicator molecules. The reflective coatings may be formed, for example,
30 from paint or from a metallized material.

An optical filter 34 preferably is provided on the light-sensitive surface of the
photodetector 20, which is manufactured of a photosensitive material. Photodetector 20-
corresponds to photodetector 203 shown in FIG. 2. Filter 34, as is known from the prior art,
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encoded on the RF voltage signal through tinme division nultiplexi gg&?f tltlezo04
optoel ectronic output with digital identification and paraneter |y T
circuits (not shown). The digital circuits use the RF voltage to generate
appropriate clock signals. The internal storage circuits can store |ID codes
and paranetric values such as calibration 5 constants. This information is
returned along with each reading or:quantitative nmeasurenent. The signals

are cl ock&gvett orsybsaRfielrdngey the fneris phrgdigiinsasnerpiad by the aetireqyl & foordi gi t al | y
control | eghyi b : icRed-Rai (Do i e nge. This
o nt 1 5 AR UG BhoiSie RS B SREAr B pRbol B RAR. AL kRRINRT
synchr oni Eégriabewpluareseent lighttetittad iy Kluoresenbinditateranolecties td s tuovpittbs used

to identi Leul. ' nd.to-prevent data corrupti.on when two or
more 10 stk auPBAdbEHiAle ok fthe RiGrery ThR SR Tba oY BB Ml br at' on
factor$§ aplwtalpbioedgdabtihie attdimeblerie tiideni mdiatiorEtinodthe keurebt®i n anal yte

l evels in cli .n]LC}%a unj.ts sor 10 according to one aspect of the

| S {
i nvention, whicly 2BpEAdgnfor @&gﬁg’eawsph@ aceeriipe dsensAsecor! thy ipymbien it

i ndi ¢cat or developsd i @astichlsr S NENMIgH By K fearf the DA $ERGAGN AP whithGAIRRESE -- 8 2
sensor body 12; a matrix |ayer 14. coated over the exterior surface of the

sensor bo¥§AsYng vasioys biplogical gpalgesinhs human bedy. efp sleetecexyren dxins; i but ed

t hr oughouthathgeh@¥RIor oﬁa{ cﬁﬁ&s?ﬁdrﬁﬂne%?éﬂd%e}lﬁletabtgﬁ'ég?l?ﬁs. LRl sg%cgﬁé emts

radi ati on, including radiation over a wavel engt range wavel engt hs

whi ch 1P nteompesition efthe meatrix davier b aned thpindicebamoledulss. 16 may vatyaleperslingath the

fl uoresc - . f _wav.el t hs. whi c
catise ¢ nd e S 8RS 10 WANE! GRLD: Bl of RIS el B
el enent 2B¢ amlye (iz., phib¢ blded ecih erhcutaheamh fissues)t Bwo casentkqurements, however,

fl uorescencg-based 20 se ra.. 1S sensitive. to fluarescent |ight emtted by
the i mai o Br e FleflaF IRBEHAS pRERM M SR A GETE R el b e

t heret o tthabptical dhadttemdticy ef thé intiiostot vRtuled (ekl, HRNOSLETTERrettent6r fivdetscaat Or

nmol ecul es. ..The sensor. 10 further_jncludes. a nodul e or housing_66_ containing
el ect r%mil dicgiprIgolPs %) arg A Fogtienehiy cangrratun e S@amﬁwmbffwiv%lwél

t enper at YhdicdteadbB&es laft dipesedi NPl est enpodi nments, indicator nol ecules 16
could sinply be coated on the surface of:

)& t he t he sensor body. 25 In preferred
enbodi ment s,  AOVeRTEALS upya-sith & e gpanbadsihs epsqi A B icdoresd preferabilt il m t he

matri x  |sg¥efh, ddlongirGlhdePERbd. Szﬁrﬁvaﬁtagéoﬂglgﬁgﬁats'ﬂ@ %R%Qixﬂﬁ?gizdé%ﬁrsje%eto@gt s

prepared according to nethods nown~in art coate e surfacce
of the sdsawoer dRhgymacsificalslagin binselorieatii i be thewrder af approxandtely $00-600 ch nust be

per meabl e : kP t ryl.at l.3~Wai ch
advan aggré)lhlglnél{bgagﬁiq5 gienyatrtfcg%%gsr&%:h éﬁg{%fl%ﬂy@‘ %é% nt%aﬁﬁeé%g%p?%%hgt%%@?g{m%g %he
tsensor. b@gyroxmla@;}jw&ali@gé:)d@ﬂy. lﬁjﬁﬁmﬂh c yﬁmoafth,?tomieql alvfaees dthmh'gmﬁ.!’me N
ransm ssjive . pol yner ria ch, has.a refractive index sufficien
di 1 or enCeTiFs Al CHiEE cond P Ereston il ceneii o i memaliood P 0 s e such
that t helil_iteﬂldﬁﬁlﬁﬁes\dfthle deite. a[ﬂ:imlnﬁ@.trhiﬁ:aljl peymﬂfsethh @Mﬂind:@ 10y & igdplaekd inBlies i al s
are acrylic mer s, such as .po t hyl met hacryl at e, ,

pol yhydr 5‘?9‘6{? 8 i f@t%&&?ﬁl}l °§t"§g ‘im%gleyﬁﬁé’é?’rﬁ%@‘g‘ﬁ%@ iePrEans of blred vessals)

pol yczy benmioashs sakor dftertding Svith@bntk) B8dily fifctioh sl dx8XaRE blin of NE

material
discomfort.

Moreover, it will be appreciated that any implant placed within the human (or any other
animal's) body -- even an implant that is comprised of "biocompatible” materials -~ will cause, to
some extent, a "foreign body response” within the organism into which the implant is inserted,

30  simply by virtue of the fact that the implant presents a stimultus. In the case of a sensor 10 that is
implanted within the human body, the "foreign body response" is most often fibrotic
encapsulation, i.e., the formation of scar tissue. Glucose -~ a primary analyte which sensors

according to the invention are expected to be used to detect -- may have its rate of diffusion or
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al l ows radi ati on generated by the radiation source 18 (e.g., light, at a
appropriate wavel ength in enbodiments in which the radiation sourzt?g)ef"imnlﬁ’l‘i2004
LED) and, in the case of a fluorescence-based enbodinent, fluorescent

light emtted by the indicator nolecules, to travel through it. Radiation

5 source or LED 18 corresponds to LED 202 shown in FIG 2. As shown in

Figure 7, radiat.ion - light) is emtted by the radi atiqon source 18 and
at Ieasttr@"t%‘?ér?lﬂﬁl‘?cfff"ﬁ(hsv SP%#%?E%%\“‘%&ES“E&P]F' ‘EGEE}/‘}I‘??PJSF ??%YIgF?E(é&%f VHeh §yPPace of
the sensoimdN0dy hae itsGate oBGffadion bOCblc himired b BhBIHbro G?Siilﬁﬂon as well.

back-and-farth throughout the interior of the sensor body 12. It has been

found t hathif jsgieply beqpusetharells fmmingshe fbratis encepsplptionscas Eiptyia} capbeiguitnd the 10
surroundi é&ﬁé‘iﬁ%ﬁ&@ dr%a&%ﬁ&%o‘ﬁcQﬁarh&&r%gj@scd&iffé}gnt‘ﬁohhﬁh%‘fh&%ﬁa? hisdpl ecules
coated on the surface (whether coate irectly thereon or contained within
a matrfx), a gloovescomne fappdténtiel kndmemedoe prdelaylinenpesivpthe indichitaatodeculentoecul es
coated ong; . . itiong Light which.strikes the interface at
angl es (rrn%éllgglrc %gh %lg%%ﬂ” %/ m?o g%érl%?%hg %u%ﬁonr%%nrn?%%tfad't%ccp ﬁ@’% tﬁtog? ?pfécéafﬁ’t oo smal |
to be refhielcisedrhppsihesmplestapgivatii e serbiskadateddng lales o osxlyitede bilrfios @5cence
in fluorescent indicatqr 15 .ml ecules. OQher nodes of jinteraction between
Lhe 11 ghties soeey 1 s gRatcsiimolail s earep Hoaben e e priap ks

nol ecul esinfabized Sieechis 6 tHe@uiktelod HeaentoLhody, FOPANGIWe QRFAHEE HORSLHUCT i ON
of and appl iﬁ&ati on for the sensor. Such ot her nodes include evanescent

exci t &9 IR aAt voenr tha ddicalr golrgules aG rariaiacd hereinexis prepted Fommmenad ibichat ed
by FIG  &auh liRae Eccélﬂﬂtﬁe Rlvelb Bﬁﬁﬂ,ﬂoaé;%ncsﬁlggfaﬁ&ﬁo%m{. gﬁvé é)&apf ®36£QLn ! ndi cat or

20 nol ecules 16 enters the sensor body 12, either rect or after being
ref | ect edudirialsdeseibed ithe literafiye anbaving this harestapistic are Breclude B Penecatiidy 12) of
the matri i L Q- eql . cent |ight
28 is thel\er{'llerlr@r éggaglabl?%to iélr‘kr{gf' }d}'??é[, %ﬁ%ﬁﬁ%‘%‘ﬁ’? 8§%§%1e§1§¥8%3%é%,%§ much |i ke

t he radi dyidwphidesiat descritipd i Kennedyli "ThilaingPolynees b8Biokgicahdses)" ilhemtehie

r adi agor}, Erri ttlgg b% %4}3?1 radi ation source, sonme wll strike the interface
bet weenh the een o?’ ody @nd the surroundi ng nmedi um at 25 angles too snall
to be refl ect adtematively, klserpagitsstaimberfacy lagd thahie corepsed ofxedstal 1&zrd ¢fr t her
illustrated.in FI.G 6, the sensor 10 may al so_ include refl ective coatings
32 f or meBedAlized Rocppatible majera éﬁ’%é‘? PIBB‘E}?}&T‘?{ thy sqRte AAstREVR IR Briol ur f ace

of the seRaepleBOEnMbssut MGerFRE ldyér $GUSY indifde thRe BBIdyEHsZRa.IT6b SMABBE ETHhe
internal reflection of the radiatjion and/or Ii| emtted by fluorescent

ht
i ndi cat orSUMBYSE 68, @dayerrylaich promogssitigaue @&%@Wthg@refﬁ’%plys%mﬁ%ﬁm a bjogempatiblep| e,

30 from Radtdtal bt fet@MR Be PRlcRhtidrZTaBLRES BRnto iﬁ%v&pésiﬂ}ﬁ&ﬁcféeh§ﬁ(sﬁhf' tissue)
preferably is provided on the light-sensitive surface of the photodetector
20, whi clacqunuime i heBoreekex8f Vasoymoties emtdrial BT Padren® (P {Vesela st 20 -
correspo - I Mafioss i i.s. known
fromt he@lga??r%r& vgjr}(?{ &gg%%%ﬁgsgifgg?&%mb#gventgg% rBll: és%%%!%ﬁ#’?‘é%ﬁ# 0gleduces

t he anopumighedensigidiotethyleng Gaveil b eefiorh POREX Siwgicad éncD8urd examples ofnaigiialy on t he

phot osensitl we SULl 368 8 pd151108 05808 ALYS, ShETR Yol Jhna SackiFng MR, 11 T

25 into the tissue ingrowth layer.
The sublayer 36b, on the other hand, preferably is a biocompatible layer with a pore size
(less than 5 micrometers) that is significantly smaller than the pore size of the tissue ingrowth
sublayer 36a so as to prevent tissue ingrowth. A presently preferred material from which the
sublayer 36b is to be made is the Preclude Periocardial Membrane (formerly called GORE-TEX
30  Surgical Membrane), available from W.L. Gore, Inc., which consists of expanded polyieira-
fluoroethylene (ePTFE). '
The third sublayer 36¢ acts as a molecular sieve, i.e., it provides a moleeular weight cut-

off function, excluding molecules such as immunoglobulins, proteins, and glycoproteins while
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filter allows fluorescent light emtted by fluorescent indicator raglcgecullgaszo04
to pass through it to strike the photosensitive region of the detectdf ™
This significantly reduces "noise" in the 5 photodetector signal that is
attributable to incident radiation fromthe source 18. The application for
whi ch the sensor 10 according to one aspect of the invention was devel oped
in particular -- although by no nmeans the only application for which it is
sui t abl e allovigg thagaalyte phepalpdes of irgerpit &t Rag thepluglaii 49 (e dlidater pivdechlam@ithdzody
e.g., glu %S i i . s, _hornones,
and ot her&?rd%éet%a{igg I'c an%%e3?%?§ d%%%%%%ﬁﬁ#%d‘%@@g%ggﬂ%? gc])fr% in&% Weweﬁgt rix

| ayer 14 &ngvndeBulbsediypamembrapéspepl, eSthd Grineyd mdidned diadysidifitgatido carliilges,

parti cul ar aagalsyé‘tﬂg the slgn@or i, tt]gt gﬁ usgé to detect and/or where the
sensor i s"FH hEeH LA PO R yeiet RE-olAY P8 (i in the blood or in

subcut aneous tAswilld®)recofilted; FrSseaiot as'sBEM InPFTENE &, whINGYEbontaifdd@ubh @kt dohe
~matrix Ia%‘gcr .14 facilitate exposure of the indicator nolecules to the

anal yte a t‘f‘%*‘aa‘%fql’f@nﬁﬁlt? Onput o e seperhodysiether &g SHPRY RoMET Pdioenseb(eul es
(e., the fpvalin®hekbttd ADGL A BnShit EioHt £SE B sedsar.| RALERE Q{/?MC%L&? gﬁﬁéd are a

function of_ the concentration of the specific analyte to I C

i ndi cat or inBBetmpeke brusedipgonedile 66rs sy inFHB.S.use in-situ in the human
body, the senspg i orb@rb® gﬁ']ﬂ sl r rounded
shape. Advant ageegﬁlgb[g/, Tt Elggt Ee{{tg%%%g&%ﬁ%’?ﬁ%@%ﬁ@?h@&h@%qwg bean or
a pharlffacéattciasire goblayida a sigpslwhanel detecior 941 dnd ageretehes chantel datdcton92.0i nat el y

300- 500 1 . r oxi. ly_ Q.5 iL.nch in.Len and..on the order
of appr oilﬁ)l ﬁﬁ%s@%@ﬂ%gnﬁgggxgl ﬁi&gp%%é? ﬁ%?cé?rf%.l Sgiiug’r#éfeﬁ TAdpaR 9 i ¢
genler al | ythsﬂummﬁtﬁmm'd de?dfd@ﬁﬁs“ﬁiﬂéﬂﬁ@y@ld' _ﬁ}iwéfhﬁwelﬂet\dgﬁ&sibfetﬁeﬁﬁéﬁ@scougdd
e larger ,or ,smal] ey depend;j on the nmaterials used and upon the intende
uses of t W@“@@VF%@tﬁWﬁémcwq%&H E]?ﬁt 3% g%iﬁ e pecurase Og@]ﬁ§?i’rsor1%‘tﬁ“6390e

i _rrpl ant _edoﬂg_magytg&]ﬂ,rat&mnan body, i.e., dermall y or i nto underlyi ng ti ssues
(including into organs or blood vessels) 25 wi thout the sensor interfering
with dsenti alFXpBoiEs 9f eindistughsacss inckygnangepercsidiingie qoatpanest opegatiotonf or t .
MOI €OVer , injrinsithd the B HRRAGGIHA A ohiekal B0t AR Lo difioyman
(or any ol':lkrleﬁl an?mal ) bogf/é-_- even an ?%Fa%%ﬁg?%%gm\g%tﬁgéﬁe S?y

" bi oconpahémtie Interaalapriakies may by infrodveddy, amang othenthinget eging ofdhd'sewsogsgn body
response”_ .t hi i ' wh gpﬂ(tg LS ] tted, 30, sinply
by virt uera%}?ﬁ({ﬁﬁgu% %?’P Q{Ig%g?&é:c%é ?lr%gr ant %%F anggerﬁlkls @‘t@%ﬁ&o&@s&%ﬁr}%t«s & m(%te‘ise of
a sensor de@tiphation ofShe indjphimn trettculed; bhangdshe the wariatiob ddysmiksidty 'df teakmggor body
respopse”, i,s st often fibrotic encapsulation, i.e., the formation of
scar ? ;assbt?gY’ O@‘ﬁé%cgca Qr-ma&mﬁ;aly Haf'ss Zéuﬁa'ﬁ% & Wﬂ?ﬁseélé?{s%@?oneﬂ?cﬁ?g&r?ébefo t he
i nvent i orexangles ¥peptied rdfareie ciamel dotldddb &€ ised-to BEMpdAsitEord dofredt &re  Of

di ffusion or 9 29 cenber 2004 transport hi nder ed uch fibrotic
encapsu! 6V EHISRLRC G Bu RO SR [ Bosersyhmoi Fuid 55t e gsieel oy have
i ts rate chhradidstitisdr@BpREnt obAds BRkdcteRibtd F @6 indlicator tbldehiB hpdsh&righs@ps ul at i on
as welkl. This is sinply because the cells formng the fibrotic

encapsul JEFsgife eseoxeentiatiayafthe analbpe Igds weard, exemplary external factors could include,.
25 among other things: the temperature level; the pH level; the ambient light present; the reflectivity

or the turbidity of the medium that the sensor is applied in; ete. The optical reference channel
can be used to compensate for such variations in the operating conditions of the sensor. The
reference channel is identical to the signal channel in all respects except that the reference
channel is not responsive to the analyte being measured.

30 Use of reference channels in optical measurement is generally known in the art. For
example, U.S. Patent No. 3,612,866, the entire disclosure of which is incorporated herein by

reference, describes a fluorescent oxygen sensor having a reference channel containing the same
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dense in nature or have netabolic characteristics different from t%&ﬂﬁ of
normal tissue. 5 To overcone this potential hindrance to or delay ecomber 2004
exposing the indicator nolecules to biological analytes, two prinmary
approaches are contenpl ated. According to one approach, which is perhaps
t he si.npl est approach, a sensor/tissue interface |ayer -- overlying the

surface of ,. the,sensor hody 12.and/or, the indicator nol ecules thensel ves
nhen s b TR s O e G e, Yot S i Giepf b 1 Bor Pate o
t he sensovarkigtly rerder R UBHdrinkbatle fologygur f ace of the matrix 10 |ayer 14 when
t he i ndi catorﬁjngl ecules are contajned therein--- is prepared froma

. Q

material whi D ScEen Nop. 48612 mia 0sdhe eliss disclowres pf whish prs
encapsul ahbRporkd hAEMby FiRreRXABRESS & ge?lléﬁltfborsr%{}ﬂg}{z}%] o ARGk Bﬁﬂnaf;ﬁg?-t he

literature as havi n%pt his characteristic are Préecl'udeTM Periocar
Menbr afe, bagsdindigaprchemistnioptiat e ptwoslifderen Ward eethsys terbiung-basadl indidaipr conbi ned

with hy ' ' i n.Ke Pol f Qr

Bi ol ogi oy el By BEAEH bAELe LSRRG uoiop kR LEL LRy i Bheen ) 4
sensor/ t i SukatentNer §.88495% flerentita disclosure ofwplastesd alsb iwexperatdd hemineliys of

speci al'i zed bi oco tible materials.can be prqvided over. t he. sensor. As
Shown | n Eeggnoss A6 Rpes'an gl setsplin Sebichch e oo olee s mainjed X 86y

i ncl ude tderiaie wandlbmyieisd B6auordRince aitlied 8¢ the Thelecusdib tey@redIfer twa differgtt Whi ch
pronotes tissue ing‘,{owt h, éﬁfféerably,i,s made from a_ bi oconpatible 20

mat er it HEHOTSEFTH 1’§W‘Pﬁé‘f""g LRI (e apieep-ariesidioally, (hgemission seaedin as
fibrotic @kl s 1639sdnSiiR6 td dxFEHAL use@ GE M A r@NcE tPR1ib the tFDERFEX (nichsiMas Gksar

G aft material (ePTFE), Dacron(r) (PET) Vascular Graft materials which

have beerPafeht e S#62.8pRiad 368432, thentinebrdymums ofrihieh frglalsp insempertsdfheonin

hi gh- dengj : I . i ~ anpl es
R S A S e L L
pronot e tihdeute thatds wdstendiadly unaffcedbh oxy2En amt s eipbotbdesampositivg ratesimilaayeer .

The suybl ayer .. n e,ot.her .h ef.era i i 0GO i | ayer
e p??{eem‘shf%"’g{g" m?‘le%&slg' ARARS ) e B 5 g ik @Ea%ﬁﬁg%ﬁf%g#%e smal | er
t han t he (plarch 199@)ethe entidedistlosigelef witgt B Wichrpositdal leyeer byd@fer<h0e, d8sctibesp event
tissue ingrowth. A presentl ferre tecial., fromwhich t subl ayer
S6b 1 1 QU inser S EhdeileR e Tt L BPELER iebl SRS GrerhErehan | od
GORE- TEX £i%0r dpitit gingiddr td/Biindian) chagiveh hhdd la Qefat A8 cidnce Flft@etebRE whickhi ch

consi sts of expandedﬂ%(r)ﬂ%:it)gtra- fl uoroethyl ene (ePTFE). The third subl ayer

I

36c act s d5%cts chageesay g intensiy- it provides a nol ecul ar wei ght cut -

of f fomcti on, pexeltied] U, PREANY. 25866500 1h8 Sniid 4RO B ki fSis ilbRbkdys, and
gl ycoproteins while 10 29 Decenber 2004 allow ng the analyte or analytes of

i nt er est hegindygeleraree deteribes afiporepeent-brstsepent comppining psefererdetlighf measoring d
direct!y .ansh BRaSBAS ChanBOOK thdn®fisitl TFRE kLI ik Bluce- SRRLL tﬁ%{? 14).
Many wel Ic- f?nom% ce?l uﬁngse-type mlatl'?rbr anesd,1 g&bl\&,htto u?cteheéaé’o%"xc%e ?‘Oﬁ ki dney
di al ysi s lingd } ptegon cartri dges, maybe used for the nol ecul ar wei ght

cut-off layer A8 8wn in FIG. 9, the signal and reference channel detectors are back-to-back

25 photodiodes 901 and 902. While photodiodes are shown, many other types of photodetectors also
could be used, such as photoresistors, phototransistors, and the like. LED 903 cotresponds to
light source 202 in FIG. 2. In operation, comparator 904 is set to trigger at 1/3 and 2/3 of the
supply voltage V'ss, as biased by resistors 905, 906, and 907. The trigger voltages for compatator
904 could be modified, if desired, by changing the values of the resistors. Capacitor C2 is a

30 timing element, the value of which is adjusted for the magnitude of the signal and reference
channels. The current through each photodiode is a function of the intensity or power of incident

light entering it, as represented by the equation ISRP, where
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5 As wll be recognized, the sensor as shown in FIG 6 is wholly
sel f-contained such that no electrical leads extend into or out of Lgqgmber2004
sensor body, either to supply power to the sensor (, for driving the
source 18) or to transmt signals fromthe sensor. Al of the electronics
illustrated in FIG 2 may be housed in a nodule 66 as shown in FIG 6. A
second preferred enbodi nent of the invention is shown in FIG 9, in which
two 10 det ect drsc8 enpl oyed, a signal channel detector 901 and a
reference chanpelefel Rt hmdBRatyia the first enbodiment as shown in FIG
2, a single detector 203 1s used to detect radiation from the fluorescent
i ndi cat or sendbr lightwowerinwaits.e this systemworks well, it is possible that
various disturbances to the systemw || occur .that nay affect the accuracy
of the sensor output as originally calibrated. 15 Exanples of such
di st ur Baringle flunctsaehes embathges, the indidbidtlightpokeingingdenenh teptoridicds
intrinsic,to, the sensq ke-up; environnmental conditions external to the
AL R RGPS

sensor; oq‘ 448%er nal vari abl es may be introduced by,

anong ot her t [RIGYE) is agiiniiey @hgrih GhHARSHE 'vﬁltafgé@&kl@bfﬂ@ 12 RHED044 DABE @84
affectin erformance or sensitivity of the photosensitive el enent;

th
deteri or a _e)gf F cRmRARiA Wa b thesisle satdBe valamigenl of putpwdernvnnl 804cdnat
transm ssiridaxio %ﬁt}lﬂﬁ stafeh SR vo%?rgpeqw of &Eaéc%ttc]te(l? Qﬁg?ﬂéo%sﬂ&&é fotnd MBEe €LC-:

and changes 1 n other senSor conponents, er ‘exanples, t e
opticdf rlerebeidnpw tasmingh@Mbioul2P Yssmndibe vdage level obmpetristatieal 9p4aisrt B3t f or

envi r onmapk , ;@ g'fs%(?:eh f?oé%liedef%f tsQbvafk batdddha i:»ﬁoé%)c??dg?l%a 3 O{e%er%%%gc oul d

affect the optic eri'stics or apparen ara tics of
t he i ndi d@eonliageldeandcensi the dapecttiased pliotediade 901 ésssbmple ite threshnldesmltagy, ivaile of

the analyte. 1n i.hi r xempl ary external factors. could include, 25
anong ot ﬁltéerreﬁ{?eﬁ%l%s:eap hgtgﬁlg%dpgé)?ggﬁglés ar%%flt, f?o[vh%rqm_r'ﬁ?r@@@l the mgide Bnt i ght
present; iltctizbﬁgfngfdpem:ﬁj g‘hits Yurrddt diF&m&rg?mb 'bﬁijabiyo;@jz ak lblﬁtémdﬂg@ﬂ 4 Daﬁéfdzb@utﬁ @nsor

is applied jn; etc. .T ical refer e.channel can be used to

conpe atr‘:eacl“‘?f’ra ‘é‘{‘féﬁ lﬁ‘éqTPgﬁ% %%asis OPRHE E‘e?%t@?ﬁ“‘t&fhﬂ%@%ﬁ@%ﬁ’n fHe sensor.

The ref pheweRds haratlesil id BeBidafidd dV/ar-iRMCS | Whahg fh enplivEtplabryespect s

except that the reference channel is not responsive to the anal yte being
measur ed ¥B8% Use of reference channels in optical neasurenment is generally
known in the art. For exanple, U S. Patent No. 3,612,866, the entire

di scl osure of which is incorporated herein by reference, describes a

fl uorescent oftygeditfererssbetween sanpagptordfiggee pejats Cn dreakmplerifXayss) ng t he same 11

29 Deggenber 2964 j.ndi¢ %ito?ﬁﬁérqi%}e{d% as the measuring channel, except that
the reference channel '1's coated wt varnish to render it inperneable to

oxygen. U.S. it Bme tiNderge 41 &s@,ar@'{asan@s&m@ﬁﬂﬂé‘ﬂgmplhmﬁpm& re disclosures of
L S T e S T L EIN
at two di fferent wavel engt hs, 'a terbi um based i ndicator being quenched by
OXygen ang s Bilie e tompastor b0 ks & a (g Ofpnt Sl ot datput iotmsmal 940 9€M
25 The trigger point (input terminal 904a) is now at 2/3 Vss, and the polarity of the photodiodes 901
and 902 is now reversed. That is, photodiode 901 is now reverse-biased and photodiode 902 is
now forward-biased. -
Photediode 901 now controls the charging of capacitor C2 at a rate of dV/dt = 1901/C2
until the voltage of capacitor C2 reaches 2/3 Vss. When the voltage across capacitor C2 reaches
30 2/3 Vss, the output of the comparator 904 again switches to the low output state. So long as the
system is powered and incident light is present on the photodiodes, the cycle will continue to

repeat as shown in FIG. 10,
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U S. Patent No. 5,094,959, the entire disclosure of which is also
incorporated herein by reference, describes an oxygen sensor in RiGReEPer 2004
single indicator nolecule is irradiated at a certain wavel ength and the
fluorescence enmtted by the nolecule is neasured over two different 10

em ssion spectra having two different sensitivities to oxygen.

Speci fically, e.em ssi on. spectra i ch,.i ess sensitive to oxygen is
used as a ref gf Egﬁ%ﬁigﬁ? Pgepnflﬁ’ecmt %ﬁhwgff‘ﬁt%‘g?%r‘ffefeﬁtf) 401l 882 1sgqupl, themsihe
Nos. 5, 4GdnBRtaatpht Willbheh3D% diecRY. ITF Bie HokRhOSU GiBeath pithEibacA Rt 80
I ncorporated herein by reference, describe a rationetric fluorescence

oxygen st e eenibsrapspipnsiares current mall bedikferepttharthe eapesitor disshasgerymantt i al | y
unaf f ect eghibp %M e=ta) 5 1 - | o ! 15 the

i ndi cator nol ecul ge.esmg\dd?%iis!b@?lalg’lvj%épéwngﬁ%g?émgé,cmgg@%@?ﬁi%%s@ﬂ%I . 121,

pp. 33D- Fapacitpedizdharze gwyent.t Beoawserthq samgicepdcitenis eharged whd dibchiargeil ribodifforentt ed
herei n by i CL I - fluor e sensor for. dissaol ved
o i ch 5o B el SRS bBSTuR o} oY o8 B AN FABE RIREer L R B 1
to an i ndingb¢ o photadivdt detedors.oCanssgatiptiee duef ercknt chephairosaieaeddatedtyi ch
detects anges in d.he .LED |ight. intensity., 20 In addjti.on, U S. Patent No.
4, 580, 053{?]e St pA% fndmnye g?@%"'ﬁﬁﬁ‘?ﬁx%&?‘ﬁé@%‘h‘i ggndl ghangel, py

r ef er enc @howdevde ilEiacidertt lightroastaelorddds einsd PEAGIiI6ARN [SAitHIO Pgarihef &rence

|'i ght [?ea urin%t cell for ne suriq hanges in the intensity of the.

exci t &Y | 37PG Yf aceeyt ghanges i duly cxe %9,théﬁﬂuawwaﬁmﬁmmmaﬁe@pwt%m@wm% shown
in FIG Qnaliofdepial %fbd%h& Bl 6 ek iQACHKA b2 25
phot odi ode_swgog and 55)62. A iF?phot odi odes egg)ghgﬁ)%e?ﬁ%%% ot hg%ﬁ?tr peg of
phot odet &l gptbefuher disgupsed hseeinysed, such as phot oresi stors,

phot ot ransi st @8, 1,8 Bhatdiaivd i I@?tabﬂsggi st 0L ﬁﬁl§f3&9§l§ gtfée?exé%rh% E\gn;ﬁ%g ge 202 in

FIG 2. In operation, conparator I's set to tri %/'3 of
t he ' supgbye holoedigethvinernaleol P88 @dd then detsitipg dresh@R6 in BAG on Hreax@hil collhe

trigg ' f oppar, r...9 oul d. be ified if.desired, by
changﬁ\g df?ée%yﬁoggfeggo @Egﬁ%@iic’g 'o?f%le. ﬁ?ﬁ“p%lgipfog f e%by Fgsigr ?E)O:t‘ﬁ%ﬁﬁh,{@ el enent ,
t he val ueomdeciah iccthe beipeidgradiad d04carf thevempagio Dok eWhén théeordpagatad is anchigh
reference . ¢ nel s, ..The. currepnt raugh each photodi ode is funct|on of
e’ nt onurbhRER S Sartsy Sitcor Bt Yo Bet Bamb utes Redtor afb slbh by

t he equatomparkteRisin Mer @utphi? st2f2, BECAARIOhal 2QRht Is not Frbeh® WorkequefiBSRERGE Vi ty
(Anp/ Wat in watts. 5 In the f]luorescence enbodi nent,

d P =light . | )
t he inci éi}%gcq? ?Sﬁa%%@? SW&S‘%&%‘H@%W@%@%ﬁBE%‘WG@W@@ Bether s changes

Wi t h Znakyiconteios 8PidaBid 4 thdduput $Pthe Sefdrehde ThatBield FRSAAIISRANEA Sl VOI t age
| evel s of the term nailapﬁst 904a, d%)%, an%l e9840 o? t he conparat or %l%% At the

cycl e st &istor Ph@ispenvidegdy tesaternst tuped fauk circait ichdinggol 803, ghewwitching ofithe (| ow
out put  SEALE} loaliiRo ¥R1iIRE e MRk RS taRPRAGHKE intérhal DG AR EGRRNdS to the

vol t age
impedance of the tank caused by the changing load is detected by a corresponding change in load

on the inductively coupled external coil, as described above. The voltage regulator 909 removes
25  any effects caused by coil placement in the field. The LED 903 emits the excitation light for the

indicator molecule sensor. Power for the LED 903 is provided by the voltage regulator. It is

important to keep the intensity of the LED constant during an analyte measurement reading,

Once the output of the voltage regulator is in regulation, the LED intensity will be constant. The

step recovery time of the regulator is very fast, with the transition betwsen loading states being
30 rapid enough to permit differentiation and AC coupling 111 the external unit.

As also will be recognized, the fluorescence-based sensor embodiments described in
FIGS. 6-8 are just examples to which the disclosed invention may be applied. The present

- invention may also be applied in a number of other applications such as, for example, an
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10 level at input termnal 904b)is at 2/3 Vss, and the voltage Ieégl of ber 2004
input terminal 904a is at 1/3 Vss. In this instance, photodi ode 901 eFgmber

f orwar d- bi ased and phot odi ode 902 is reverse-biased. The voltage drop
across the forward-biased photodiode 901 is sinply its threshold voltage,
while the reverse-biased photodi ode 902 exhibits a current flow
proportional .to the . incident Light. inmpinging upon it. .This _current

G Sthar gomRpite b sPEbt RO rghadh-nd: B0 Pl R b U5 piterd 1 15
reaches aApgicat@eNd.@9SR3 048, I Msfustds, SI90VRcdrporkie@herdid byhdteRfidel Ng the above
equation for hqt odi.ode current results .in_the equation dV/ dt=RP/ C2.

Sol ving for Pﬂigi’(‘w ai"("@tbe%t&lusgﬁi‘é‘?@a {will bgjapp ?Igﬁ%@off‘e‘%kﬂ)@ém@éﬁ%ar at or
trigger pohithssdlcindynR V%ﬁ@&ﬁ't@anﬂr/v%ﬁré/&ﬁﬁout dbbaftthg Fro¥iPdhb Spiftf aABRRIEHe C2 I N
farads dt = tinme_to charge or_ disc arge (as _nmeasured by the external unit)
and RS= mzeysigns Forckgmpleiwhilaihe nsention hegrbepmdesprihst gtithirelerenee tapn araleg t i ne,

t he conpay; r i : i 3 t erm nal
904c, 25%‘%@1?‘?8‘3“5 Sooiq‘nﬁté ’f’?e%%ﬁ’% E?gpem%ﬁql%”b%'af éélyig’\fva%?q%@%s% and t he
pol ari ty appraphietelyliwegsatnmed dighd bignaloo®@@r. i Anyraow afl eudr sedificalibat aré Sifended

phot odi 0 901 i s rever.se-.bi ased and phot odi ode 902 is now
formard-ggggggwnﬁﬁgg%%ﬁ%ﬁgh%ﬁ?m%gﬁwgbntroIs the charging of capacitor C2 at
a rate of dv/dt =190 1/C2 wuntil the voltage of capacitor C2 reaches 2/3
Vss. Wien the voltage across capacitor C2 reaches 30 213 Vss, the output
of the conparator 904 again switches to the | ow output state. So | ong as
the systemis powered and incident |ight is present on the photodi odes, the
cycle will continue to repeat as shown in FIG 10. 13 29 Decenber 2004 |f
the incident light intensity on each photodi ode detector 901 and 902 is
equal, then the conparator output wll be a 50%duty cycle. If the
incident |ight on each photodi ode detector is not equal, then the
capacitor charge current will be different than the capacitor discharge
current. This is the case shown in FIG 10, wherein the capacitor charge
current is higher than the 5 capacitor discharge current. Because the sane
capacitor is charged and di scharged, the different charge and di scharge
times are a function only of the difference between the incident |ight

| evel s on the two photodi ode detectors. Consequently, the duty cycle of

t he squarewave produced by the conparator 904 is indicative of changes

bet ween incident |ight on the signal channel photodi ode and incident |ight
on the reference channel photodi ode. Suitable algorithns for 10 taking into
account changes in duty cycle of the squarewave fromthe conparator in
determ ning analyte concentration are generally known in the art see prior
art references discussed supra) and w Il not be further discussed herein.
Once the squarewave is established, it nust be transferred to the external
unit. This is
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done by loading the internal coil 908, and then detecting the cha i n
| oad on the external coil 15 inductively coupled to the internal gggfﬁc‘.”mbﬁ’iéom
| oadi ng is provided by resistor 910, which is connected to the output

term nal 904c of the conparator 904. Wen the conparator is in a high
output state, an additional current Vss/R910 is drawn fromthe voltage
regul ator 909. When the conparator is jn_a |low output state, this
additional current is not present. C(ﬁ%%ntly, resistor 910 acts as a
load that is switchgflaiais®oratfedtd infirmbfish Bdrh § YrsorRevRe, lcBhpridg: r M ned by
the 20 concentration of analyte and the output of the reference channel.
Because t he cunrieiamaksspionypit lor gadingraypntitatiye pealyfe svpsieaindis, wphlading o drshadil t uned
tank circyjt ' £.Q] : ' ' . ' I | so
i tches. TrainEal S Rey @ StuptpRPsid Wik thi Dbt B G5 il g a8, 7

i npedaric ecigiuittfdrenddifyiogcaidded ibyccpivdenaiveitigiengyr inpamiranentiefoenbigo dbiaimmd by
correspondaiicgg cha{f%gt,i n load on the inductively coupled external coil, as
descri bed®AboveEr © *vol tage regul ator 909 renoves 25 any effects caused by

coi | pl acenentaniegtetdabudit ibldding B €ecbid 0@ cHs nfutialle ikiactivicBt doapled foghid firer t he
i ndi cat or | ecul.e sensor.. Power for the LED 903 is proyided by the voltage
r egul at or 1 {POp gid F‘*r‘rﬁ‘@ff godlrhet W?%ss%‘_ﬁlt%lnépr @W?%Prawﬂﬁﬁéswﬁem&daﬁfﬁt
during anccima okeRialdr & WHOME Biid kRBAd Al to ifda&ea Sty dupieht iR baid At M7l Lidle
regulator is in regulation, the LED intensity wil| be constant. Tﬁe_ step
recoveéPy dqtesior fr deieetingamriptians in 3 lad e spid sgeqnd onil indlueqdcbyt ghanssk toiseid lepskineen

| 0adi ng stat R rhelAt: 30it bAPIH pRY R INoAnABh HehatdbdreSt @i 36 d AC

coupl i ng %n t he exterrnal unlotP ASH%| o) V\llacﬂf’{l gg recoeg%c?lzeg%%aﬁd;logcp

f | uor escesivagesamdd sensor enbodi nents described in FIGS. 6-8 are just
exanples to i L.SG | i on H@ﬂ appl it ed. The present

i nventi on nnwﬁ?%gé%gfog!ﬁ%ﬁkgg%g%b %X%%%garldo ol?i %nr£ B‘E)Sr i cations such as,

for exanple, an 14 29 Decenber 2004 absorbance-based sensor or a

refracti ve-i ndex-bgsed sensor,. a scribed.in.lU. S Patent lication No.
05/ 389514, 114 o ARGHES B5orEde SRR, Lt Pl sy reahR pe ieetorhe

i nvent i oreléiasnt wgich emits tddistion @sEopdath to ldveliof baibsaBftpar ent to those skilled
in the art that the sane may be varied in many ways w thout departing from
the spirit and scope of the 5 invention. For exanple, while the invention
has been descni bedAppdritug c6idRaS clhith RRIRAM QM 10hd Sdtifrised 4 hoRkdRiB! es of
the invention may be carried out equivalently through the use of an

appr opr i dEEHOr WrgiyieanivRs dadistipniom sidjpdiratorredaRastor . Any and all such

nmodi f hgations are intended to be enconpassed by the follow ng clains. 15
29 Decenber 2004 CLAIMS 1. Apparatus for retrieving information froma
sensor devi ce4. conprpasitnzpaccendingrie eeinal, vdereirovaid seitor tioguittfaithengorguieg a t at i ve
anal yte j i Is .col | .- form t. of . a..power
supply fgrg(ﬁg%ﬁlrnggggénggf um%J QE@F%%%“%E%&%% 'ngl 6:Lsgalg Sglgi{smglg?ﬁr? dlgtﬁ?f'a
sensor '

5. Apparatus according to claim 2, wherein said indicator element emits fluorescent

25 radiation in proportion to levels of said analyte.

6. Apparatus according to claim 3, wherein said load comprises a photosensitive

resistor which receives fluorescent radiation from said indicator element.

30 7. Apparatus according to claim 4, wherein said radiation source for emitting

electromagnetic radiation stimulates emission of fluorescent radiation.
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5 circuit for nodifying said | oad in accordance with sensor neasur QFn&mmrmm4
informati on obtained by said sensor circuit; an external unit inc ud?ng a
second coil which is nutually inductively coupled to said first coil upon
said second coil being placed within a predeterm ned proxi mal distance from
said first coil, an oscillator for driving said second coil to induce a
charging current in said first coi|, and a 10 detector for detecting
variations in % | od@ratug apcgrdingte slaine bi wherein said intesyal spibisgaplantgbls an thel oad in
sai d i nt egfaglor sRARPIaLUNI t and for providing information signals

corresponding to sard | oad changes; and a processor for receiving and
processing said information signals. 15 2. Apparatus according to claiml1,

wherein said nsor, ¢i ' [ i.ndi whi.ch emts
radiation in %?opoﬁpﬁ%r%&gg&logc@%p(éco %’gyhcflrée}lﬁgﬁq?%cg’pﬂ§&gp§on§§p%tl%%u%38’0r di ng
t o cl abm @argivpampacitosahidh Ischekgebymidshargmgphntmdsensi ti ve resi stor which
receives radiation fromsaid indicator elenent. 20 4. Apparatus according
to claim2, wherein said sensor circuit further conprises a radiation

source for eniip!i NAppheEE LROREHPED blaint Adi1REID I IHisRor St shAIb:a4r88 vl Ssi on of
radi ation. Apparatus according to claim2, wherein said indicator

5.
el enent eRfiides ph gaplilademedulstion(AND demedplater foy deiesting ehenges in eelitgdegfasai d

anal yte. Bt ARREREMSaREE By fhheB st sefd RhAsHd vEREE SalerSith Qeih%)ﬁgu&ﬁgfﬁ]r | ses a
phot osensitive resistor ich receives fluorescent radi at

on fromsaid
i ndi caf orrelicteddnip said gecpnd pgspdroyglysnidfitsoradi ng to claim 4, wherein said
radi ati on source for emtting electromagnetic radiation stinulates

em ssion of fluorescent radiation. 16 29 Decenber 2004 8. Appar atus
accordi ng to dlai mipparatheaebmingad daimi (g mwhedein midtexiemal it futhalbedudenat he

body of a mal . 9. r at ccording.to claiml1,. wherein said power
oupnly. PP ERr ok eon B BRI B el h Bebospth i e G e o
char gi ng fotlieirpiionvetdd irdp panpiidtseadasiofainng to claim 1, wherein said detector
of saig external unit includes an anplitude nodul ati on (AM denodul at or
for dé‘ecting changes in anplitude of a voltage waveform caused by changes
in said |oad, 1gai dAyﬁu:&tag&cmﬂxg_ft@aﬁﬂm!, Qleredb@tproceisyr ihSuldRfl Bfipeidr, | Nt O
said second coil through said first coil. 11. Apparatus according to claim
10, wherein said external unit fur her includes a pulse counter for

converting saig dehgekads £0GAGE% dfin'R ELRL GARILEHIR: i HpBlY 8% iyt P! e

for being converted into conpufer-readab orm
of a mammal.
20
14.  Apparatus according to claim 1, wherein said internal unit is implantable in the
body of a fish.

15.  Apparatus according to claim 1, wherein said internal unit is implantable in the
25 body of a plant.

16.  Apparatus according to claim 1, wherein said sensor circuit comprises an indicator

element which absorbs radiation in proportion to levels of said analyte.

30 17. A sensor device for detecting the presence or concentration of an analyte in a
medium, comprising:
an enclosed sensor body having an outer surface surrounding said sensor body;

a radiation source in said sensor body which emits radiation within said sensor body;

17



12. Apparatus according to claim 11, wherein said processor inclu a
computer. 13. Apparatus according to claim 1, wherein said interng'g%t?ﬁ?l?befgom
ingestible in the body of a nmanmal. 20 14. Apparatus according to claiml,
wherein said internal unit is inplantable in the body of a fish. 15.
Appar.atus according to claim1l, wherein said internal unit is inplantable

in the 25 body.of a plant, 16. Apparatus according to claim1, wherein

sai d sensor a}F/‘ igator Slagenthaying n opigat shagpcteriglicthpng afisted fby sswessrceraadi at i on

| 0 DT OPOT ddn@hurbflorl STeRlafialfte, Sl ifkii@AG Yénont BlinclositiOnSAIRGIL AR 664y'0"
detecting the presence or concentration of an analyte in a nedrum

conpri si ngeeiwfadipiqrgbeidrazelp fom spid dsdistionisoiyea andwhieh transmiits caaliaion imo sadd ng

sai d sensQr.bgdy. a radiation source in said sensor body which emts
radiation within’said sensor body; 17 29 Decenber 2004 an indicator el enent
havi ng5an opt iaghbtosdraitize tlemestiomicti rnsaid snafrbedy @d poyitidied tpresenadiaton

concentr at i,on..of an lyte, .sai.d indicator elenment being positioned on
said sensor® BhgferfSSrglor%%c%oW%mfl&gﬁcg?‘i %?‘F“fn&fé’f]dt ravel s from said radiation
source, and whahgdiuttiensdtidns locatel @atshidRersti Bdeoisled 58T PhotbRd¥itivdelment,

phot osenssi&%ﬂ',v‘f el enent | ocated in said sensor body and positioned to

recei ve r2WitucHYr citinent being pdepted tRispeli g A sHPwal ipduckve dement ael enent ; and

an i nductpapes ddQfedtrRGulrbh 36 bwée shPyuabdR dedite i
phot osensi%é?ve ems%t, sai élI i ndugt?%gﬁgﬁevyrentsbei ng agapt’gjgdl%éngr ecei ve

e
from b it adaptadiel indpeaia seif extemel iaductingelempns an Pipetrin durstiwbick changes asur r ent
fror SUPPlafhifiR QIMES ahBul haRBE Rkeifleih i FH BRINGabfedi t her adapt ed 1 o

i nduce in sald externa ctive ele ectric current which changes
as a function of the anmount of radiation received by said photosensitive

el ement. 18. par for retrievi infarmation froma sensor device,
conpri si ng: aﬁgi nt%&?ﬂ%ﬁ‘m’s{gﬁrsegr;evﬁgﬂfgg%aruo{l PR o BRI A TR g vt e

measur enent s, ai itdroad sergorurit fustkiapiphantithBvd Qi geRakineaas, BchRByes fistigml y f or
sai d nsor .unit | oad coupl ed.to said first coi)J, and a sensor <circuit
For g RO ke o Aos R R RUGHTEE: Witk A G OeHa SR 0EERL SPAN SR | on
obt ai ned chyuit HAMAIFANS Sid hd Bilictordddk ith SR méakeibilt idB@h44dh Dtafed b nal
channel detector ,responsive to analyte nmeasurenent information, and a

r ef er enc &M RAHPRATCHIG B iSERsOF b Hishidingasignel dpmiet deteriorsempapriNetio analyte
i nf or mat iy@Asurdknl iHESmtios ahdla RIFGARE ERANMRlecPlSSnBe ﬁ':r}gfefeﬁbéjm%agspx%ﬁnggtf ?yi g

channel detector being 20 conbined in said sensor Information
sai d | oadrformptian.coutoyt of aaifl sigha chavaelvgteatos ansowtdl reforoncahimte! eteatertheiig] v

i nducsg vebybia@HRlsed sbiRoSRbdmbtidnShr modifying said load;
an external unit including a second coil which is mutually inductively coupled to said first
coil upon said second coil being placed within a predetermined proximal distance from said first
coil, an oscillator for driving said second coil to induce a charging current in said first coil, and a
detector for detecting variations in a load on said second coil induced by changes to said load in
25  said internal sensor unit and for providing information signals corresponding to said load
changes; and

a processor for receiving and processing said information signals.

19,  Apparatus according to claim 18, wherein said signal channel detector and

30 reference channel detector are photodiodes.

20.  Apparatus according to claim 19, wherein signal channel detector photodiode and

said reference channel detector photodiode are connected in a cathode-to-cathode configuration.
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coil upon said second coil bein | aced within a predeterm ned prQqxi
distange fromsaid first coil,gag oscil | at or forpdriving sai d gegéﬁya%gﬁFzmM
to induce a charging current in said first coil, and a detector for
detecting variations in a |load on said second coil induced by changes to

said load in 25 said internal sensor unit and for providing information
signal s correéﬁond oad changes; and a processor for receiving

t d
and processin sai & Pg?FF‘O E&?f%@&&ﬁﬁﬂ% thg‘:mﬂﬁpéﬁ@éﬁ@%l@b@wdid@ycmm aim
18, wher g r§ﬁtéﬁc§é]ﬁﬁ§él deBannebauded &t @é@&muéﬁvé @E [ Qtr&ﬁﬁf&ﬂ%nelqﬁ't ector

are phot odj odes. 20. Apparatus according t laim1 erern si
channel cFéldé@%d(ﬁmfbﬁ@ﬁtwm a5d dhepibpr progipess @@P@P@rﬂ@@nmhmﬁ adegative bunsghmt odi ode

are connggieskbiyi $8480h %uﬁ?ﬁl%%q&vi eﬁ'gmlgc}é el g‘séi)’tn%qo nd%? 1oﬁ ; 0 04

21. Apparatus according to clarm rern one of - said sl gna
det ect br meedivededddiuratioe issndieativh aﬁﬂalytejememtzanomumuca&a differanaé petiveen

det erm nat 0Si ad nodi fication, and
the ot her® FJD g%ﬁ%%‘%ﬂg T % aéeff&{] "}ttvgseﬁfl%‘a‘ﬁg‘ﬁﬁq# 8‘5 *fMansition tinme
of said | oad nodifi catl on such that atime difference between a positive
| oad durati onzgnd ative load duration i s indicative of analyte

S

concentration Parﬁ accgrdingdp shajon 2y uerginfrid load pamprises aphotadindertt e
channel demgshr mﬂf@re@%@bﬁer&ifveﬁ%bﬁbl&i @mﬂéacﬁ BABNS pr fing 104d as¥PPar at us

accor d| ng. to claim?2, wherein said d conpri ses a phot odi ode a
conpattt chpm ofanalyds enetEgle: at | veI y coupl ed with each other to provide a
varying load as a 10 function of anal yte concentration. 19
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